initiative. The EGAPP initiative was designed to support the translation of scientific evidence on genomic testing into clinical practice. This article outlines the lessons learned from the EGAPP initiative, in the context of efforts of various professional, governmental, and private entities to consider how to advance genomic science along the translational continuum from bench to bedside while also addressing current and future challenges to genomics research.
THE OFFicE OF PUBLic HEALTH GEnOmics And THE EGAPP iniTiATiVE
The Centers for Disease Control and Prevention established the Office of Public Health Genomics (OPHG) in 1997 to address how advances in genomics could most appropriately be used across populations to improve health and prevent disease. This program was designed to support the translation of findings from genomic studies to meet population-level health needs. The OPHG sponsored the ACCE project (Analytic validity, Clinical validity, Clinical utility, and Ethical, legal, and social implications) in 2000, which created a model for evaluating the use of genetic tests, applicable across multiple tests and testing scenarios. The ACCE project involves evaluating the test and its application to a specific clinical scenario by examining analytic validity (how well does the test measure what it is supposed to measure?), clinical validity (how well does the test predict the phenotype of concern, e.g., risk of disease, prognosis, or response to therapy?), and clinical utility (does clinical use of the test provide a net health benefit?) while considering ethical, legal, and social implications of using the test in individual patients. 2 Building on the results of the ACCE project, the OPHG established the EGAPP initiative in 2004 to create a methodology for evaluating the evidence on genomic tests. The EGAPP Working Group (EWG) was formed as an independent panel charged with developing and testing systematic processes for the evidence-based evaluation of genomic tests and the translation of these evaluations into evidence-based recommendations for clinical use. The ACCE project created the framework for answering questions about genetic tests. By contrast, the EWG was established to develop the methods for evidence grading for analytic validity, clinical validity, and clinical utility for generating clinical recommendations for the use of genomic tests in multiple clinical and public health scenarios.
The EWG was originally intended to design and test methods that would be applicable to the evaluation of the rapidly expanding number of genomic tests available for common diseases. It was not intended to be an ongoing program to evaluate and synthesize evidence or to create and maintain a comprehensive set of clinical recommendations as the US Preventive Services Task Force does for other clinical preventive services. The EWG's founding members included experts in evidence-based review, clinical practice, clinical guideline development, public health, laboratory practice, genomics, epidemiology, economics, ethics, policy, and health technology assessment. EWG work was organized around methods development and testing, horizon scanning for new tests and topic prioritization, and development and dissemination of findings, including clinical recommendations based on systematic evidence syntheses.
EGAPP LEssOns LEARnEd: mETHOds
The EWG 2009 methods paper 3 detailed the challenges for evidence-based approaches to genomics: many disorders targeted by genomic tests are uncommon; technologies rapidly emerge and evolve; clinical applications vary substantially (e.g., for presymptomatic risk assessment, diagnosis, screening, prognosis, or pharmacogenomics); outcomes are often ill defined; interpreting test results is often complex; and genomic test results may have implications for multiple family members. For example, the clinical and family implications may be clear for some tests, such as those for Lynch syndrome to guide colorectal cancer screening services for family members. However, clinical implications are more complex for untreatable diseases such as Huntington disease, for which the primary outcomes of testing may involve reproductive choices or planning for the burden of a future, inevitable disease.
It was apparent from the EWG's methods work that the relevant stakeholders in genomics had disparate professional interests, languages, and norms. Various professional groups, for example, had fundamental differences in how they valued data. Although many geneticists and laboratory scientists believed that the information from testing had value in and of itself, those tied to an evidence-based perspective believed that data are only valuable if they can be linked to important and measurable health outcomes. Having made a decision to focus on a test's ability to influence important health outcomes, the EWG also faced key issues including how, whether, and when to use contextual information, such as the prevalence and severity of the disease under consideration; the cost and feasibility of testing and treatment; and the implications of not testing. Although strict evidence-based recommendations may be based solely on effectiveness or efficacy, contextual information can be an important aspect of the decision-making process.
Availability and applicability of evidence
Implementing the new EWG methods underscored the limits of available genomic research in core areas of the analytic framework used in EGAPP reviews. Systematic review of analytic validity research, for example, highlighted the need to try to obtain, evaluate, and summarize unpublished information about laboratory methods, test reliability, sample rejection, proficiency testing, and other data that were held by the developing laboratories and their related proprietary interests. Traditional systematic evidence review methods were insufficiently robust to guide effective searching of the unpublished "gray literature, " nor did they provide an adequate means for rating the quality of these data or summarizing them, because the typical synthesis techniques used for clinical validity and utility studies could not be applied. In the case of tumor gene expression profiling in breast cancer, there were some published data on analytic validity; however, there was no "gold standard" for comparison that would permit estimation of analytic sensitivity or specificity.
Review
For many of the recommendation statements, the EWG concluded that the evidence to assess analytic validity was insufficient. As a result, the EWG often developed recommendations on the basis of more complete evidence further along the analytic framework (i.e., clinical validity and clinical utility). The EWG recognized inherent risks in assuming adequate levels of analytic validity, and the possibility that clinical trials and clinical trial results might be based on erroneous assumptions regarding analytical validity. The unfortunate experience with Duke University and the harms associated with undertaking clinical trials on the basis of flawed research underscore the critical nature of ensuring analytic validity. 5 Moreover, data on clinical validity were often problematic. For example, in evaluating the effectiveness of cytochrome P450 (CYP450) testing to predict response to selective serotonin reuptake inhibitor therapy, the association of drug metabolism with certain mutations was assumed to translate to management utility. However, the evidence of an association between CYP450 variants indicating metabolizer status and blood levels of selective serotonin reuptake inhibitors was poor, and in fact, no relationship between metabolizer status and selective serotonin reuptake inhibitor treatment outcomes had been reported. Therefore, one could have concluded that the evidence of clinical validity was insufficient to even support clinical trials of utility. 6 Applying traditional evidence-based medicine methods to assess clinical utility presented additional challenges. Defining the clinical scenario is particularly important and can be complex. When evaluating the use of UGT1A1 testing to guide irinotecan therapy for colon cancer, the EWG found adequate evidence for analytic validity, and adequate although mixed evidence for clinical validity. The clinical scenario put forth, however, was to use test results to lower irinotecan doses for slow metabolizers to decrease the risk of adverse effects from elevated drug levels. However, it is possible that a more compelling case could be made for using test results to increase the doses for fast metabolizers in order to increase remission rates. 7 This balance between efficacy and adverse events will be an important recurring issue, providing the potential for harm through the promotion of less-effective therapies.
The most common problem with assessing clinical utility, however, was the paucity of good-quality evidence with which to generate an evidence-based recommendation. This is also a recurring theme and remains a critical issue underlying the successful translation of genomics into improved individual and population health. Our gold standard of evidence, the randomized controlled trial, is constrained by time and resource requirements and can be challenging in the face of rare conditions and relatively small effect sizes as compared with usual care. Existing EWG methods do allow for a determination of adequate clinical utility based on a single nonrandomized controlled trial or even a systematic review based on cohort studies alone, when results warrant. 3 The EWG experience supports the need for additional approaches and methods for evidence generation, such as consideration of novel observational study designs and innovative modeling strategies, along with a careful examination of the evidentiary standards for clinical recommendations. However, basing recommendations on evidence from studies with lower levels of internal validity will, by definition, require accepting a higher risk of being wrong, providing no net health benefit or even doing more harm than good. Such recommendations will need to be made with a careful consideration of the risk and potential magnitude of harms balanced with the opportunity and potential magnitude of benefits, a plan for addressing the outstanding evidence gaps with additional research, and the discipline to change the guideline and clinical practice if future studies find us wrong.
improving efficiency
Given the resource requirements of a traditional systematic review, and the sparse evidence on many genomic tests, the EWG also sought to develop and test more efficient and less resource-intensive methods in an attempt to produce shorter, more timely, and less costly targeted or brief reviews on nominated topics. Although brief reviews were intended to be as thorough as full reviews, they offered the potential advantages of faster completion to meet the needs of an area of rapidly evolving research and clinical practice. These brief reviews were intended to be more focused in scope and were to be used when available research was not robust or when a decision regarding the research question or clinical scenario involved only a single aspect of the EWG methods, such as clinical validity. The intent was to produce recommendations that would provide users with the essential information on an application and point out important gaps in research. In practice, however, each targeted review had to be comprehensive in order to support a reliable recommendation, and the EWG discovered that they were still time and resource intensive. It is clear that methods still need to be developed to address issues of timeliness and adequate resources for creating evidence-based guidance for genomic testing.
modeling
The use of modeling represents an emerging tool in evidencebased medicine methodology and was adopted as a strategy that the EWG could employ in certain circumstances when evaluating genomic applications. Because many of the test applications address uncommon conditions, for which testing and the subsequent cascade of diagnosis and treatment events may cause harms, modeling provides a quantitative, clinically meaningful estimate of the risk trade-offs. False-positive tests, for example, may lead to unnecessary and potentially harmful diagnostic procedures or treatments. In the setting of rare conditions, false positives significantly outnumber true positives, potentially having a great impact on the balance of the benefits and harms of testing. Modeling also enables the EWG to incorporate research-based estimates of real-world test performance (including sensitivity, specificity, and predictive values) along with downstream benefits and harms. 8 Although only basic modeling techniques have been used by EWG to date, there is interest among the group in further exploring the performance of more sophisticated modeling schemes in genomic test evaluation. A collaborative effort between the EWG, National Cancer Institute's Cancer Intervention and Surveillance Modeling Network, and investigators at Kaiser Permanente Center for Health Research aimed at modeling the potential added value of single-nucleotide polymorphisms (SNPs) and family history in colorectal cancer screening is currently under way.
Association studies
The rapid proliferation of genome-wide association studies (GWASs), which has occurred since the inception of the EGAPP, has also provided the EWG with unique methods challenges. Many SNPs are found to have statistically significant associations with common chronic diseases such as cardiovascular disease and type 2 diabetes. The vast majority of the SNPs evaluated by the EWG have relative risks for disease in the 1.1-1.3 range. GWASs are not designed to address the biologic mechanism through which these variants translate to increased risk and, for the most part, there were no high-quality studies to suggest that differential management of individuals with these mutations translates to improved health outcomes. Indeed, where studies had been performed, first-generation GWAS-derived common variants did not add significantly to receiver-operating characteristic curves for common diseases such as breast cancer. At the same time, GWASs had led to the marketing of risk-profiling applications offered through directto-consumer marketing strategies. The methods developed for analyzing these GWAS-based risk-profiling approaches 8 demonstrated that, given the low combined predictive value of small-risk SNPs, it would be extremely unlikely that any profile would translate to a meaningful increase in overall individual risk for disease. Therefore, management decisions based on these profiles could not be expected to translate to improvements in health outcomes. Moreover, there were important but unanswered questions about whether such testing added value to traditional risk factor assessment (e.g., family history, lipid levels) and whether studies of clinical utility were able to demonstrate that the treatment of individuals who might be reclassified as potentially benefitting from therapy actually experienced improved health outcomes. For example, cardiovascular disease risk is traditionally assessed through the Framingham risk assessment of nongenetic risk factors. Cardiogenomic risk profiling continues to be offered for risk assessment. Although there are some clinical validity studies that suggest potential reclassification from low or intermediate Framingham risk to high risk (based mainly on 9p21 variants), there are no studies that demonstrate that more aggressive cholesterol therapy in individuals so reclassified actually improves heart disease outcomes. 9 An alternative use of risk stratification would be to identify individuals at a lower relative risk of a condition that could potentially lead to a recommendation not to undergo population-based screening for a condition that, in theory, could lower costs while not affecting outcomes (e.g., recommending against colonoscopy due to lower risk of colorectal cancer or delaying initiation of mammography due to lower risk of breast cancer). Preliminary reviews have not identified compelling evidence that this outcome is likely, although this question will be examined further in the future. As with other uses of genomic risk stratification, such approaches would still require well-designed trials able to directly assess the benefits and hazards of such interventions. Although GWAS remains an efficient method for describing disease-SNP relationships, translating the results of these studies into polygenic risk assessments that improve health will require more research, a better understanding of the underlying disease mechanisms, and profiles that define more significant levels of increased risk.
Quantifying the harms of withholding therapy
Finally, the EWG learned important methodology lessons for the evaluation of gene expression profiling as a basis for therapeutic decision making. When evaluating the use of breast cancer tumor gene expression profiling for risk stratification following surgery, the systematic evidence review 10 found sufficient evidence for clinical validity but found areas of concern in terms of clinical utility. In this setting, profiles were being used to identify women who were unlikely to benefit from postoperative adjuvant chemotherapy in order to avoid unnecessarily exposing them to the risk of adverse effects. The EWG was concerned that a lower likelihood of benefit did not translate to zero chance of benefit and that there was a small but real risk that, with the use of the tests, some women would be denied life-extending therapy. The EWG process could not balance this potential harm against the benefits of avoided side effects. Therefore, the EWG concluded that the evidence was insufficient to recommend routine use of this already commonly used strategy for guiding therapy. 4 
EGAPP LEssOns LEARnEd: OUTcOmEs
The EWG also realized that our work required detailed definitions of the outcomes that should be considered in assessing the use of genomic tests. The EWG discussed these outcomes in a paper, articulating that outcomes should inform recommendations that balance potential health benefits and harms but that they also must be considered in relation to their relative importance to patients and providers. 11 Outcomes were organized into four groups that represent the logical flow from patient impact to broad societal impact: (i) diagnostic thinking/ health information impact, (ii) therapeutic choice, (iii) patient outcome impact, and (iv) familial and societal impact. These considerations ultimately provided the EWG with tools used to better consider the indications for use of a test, the surrounding clinical context, and the value of the information to be gained. Although a formal checklist for rating potential outcomes, arranged according to the four domains mentioned above, was created, we found that the thought process involved in developing the list was at least as helpful as completing it. We have found that informal approaches to consideration of outcomes, contextual issues, and ethical, legal, and social implications, as long as they are discussed throughout the evaluation process, can add value to rigorous evaluation methods.
Review

EGAPP LEssOns LEARnEd: HORiZOn scAnninG
Due to the rapid development of scientific evidence for genomic tests and the lack of a centralized repository for genomics information, the EWG recognized that methods for actively monitoring changes in this evidence are extremely important to producing timely evaluations. Initially the process for evidence scanning was informally organized and primarily involved panel members gathering information through professional interactions, such as meetings, conferences, and abstracts. In 2009, OPHG staff assumed responsibility for developing and implementing a more formal process for horizon scanning. Searches now rely on the GAPP Knowledge Base, an openly accessible online database of available genomic tests that also includes gray literature searches of Internet sources, newspapers, and blogs.
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EGAPP LEssOns LEARnEd: sTAKEHOLdER EnGAGEmEnT
The EGAPP Stakeholders Group (ESG) was created to enable the EWG to work directly with stakeholders in formulating review questions, helping to guide evidence reviews with pertinent information, and informing recommendation development. The ESG included not only representatives from similar areas as the EWG but also professional society and industry representatives and advocates who had previously worked with the EGAPP, including patient advocacy groups. As the relationship between the two groups developed, the EWG felt that the ESG expected a level of input into the conduct of the review and the recommendation that was inconsistent with maintaining a strict, evidence-based process. For example, the ESG provided feedback to the EWG that the format of the recommendation statements was not effective in communicating the message to stakeholders, but this was perceived by the EWG as altering the evidence-based recommendations. Unfortunately, a confluence of suboptimal communication and other factors resulted in the disbanding of the ESG. Retrospectively, a clearer description of the roles, responsibilities, and management of expectations of the participants at the outset, as well as a more coordinated creation of both groups, may have resulted in an important and valuable working relationship. Stakeholder involvement and increased transparency is critical to the successful translation of evidence-based recommendations into acceptable medical practice, and new, major research efforts such as the Patient-Centered Outcomes Research Institute are wrestling with this new imperative. The EGAPP experience underscores how difficult this work can and will be. On the basis of these lessons from the ESG, and on the continued desire for outside expert input, the Centers for Disease Control and Prevention and National Institutes of Health created the Genomic Applications in Practice and Prevention Network. This network was designed as an open-member, collaborative network that would build the evidence base for genomic technologies and also help translate study results into practice. This network provided an avenue through which the EWG could communicate credible information to and solicit feedback from stakeholders. The network is intended to "accelerate and streamline effective and responsible use of validated and useful genomic knowledge and applications, such as genomic tests, technologies, and family history, into clinical and public health practice" 13 and therefore complements the EWG's work and research agenda. The near future of the network is uncertain because resource constraints are likely to influence the full realization of this network.
EGAPP LEssOns LEARnEd: cLinicAL REcOmmEndATiOns
The dissemination of recommendations and their impact on the knowledge of health professionals and the public are essential aspects of the EGAPP initiative's mission. The first eight completed recommendation statements are summarized in Table 1 , which lists the clinical scenario or setting for testing, the finding and recommendation, and for those topics for which insufficient evidence was found to recommend for or against testing, a clinical context statement regarding current use or further study. The EGAPP initiative has tracked the potential for impact of selected recommendations through media and literature searches. These revealed that EGAPP recommendations have generated hundreds of articles in professional and consumer publications ranging from online press releases to editorials in peer-reviewed journals. The CYP450 recommendation, for example, was cited in more than 75 articles in a broad range of publications, thus demonstrating the potential for this information to influence practice and policy. The ensuing articles clearly explicated that the evidence did not support CYP450 screening to aid in antidepressant selection. Several of these articles also articulated some of the difficulties the EGAPP initiative faces when evaluating genomic innovation. In doing so, they not only helped dissemination of EGAPP recommendations but also started a public conversation on evidence-based methodology for genomic applications. The recommendations also caught the attention of researchers and clinicians, many of whom were critical of both EGAPP methods and results. This supported the academic dialogue necessary to refine and improve evidence-based methods and to champion their application in genomic medicine.
EGAPP LEssOns LEARnEd: EVidEncE PRAcTicE cEnTERs
The EWG worked with Agency for Healthcare Research and Quality Evidence-Based Practice Centers (EPCs) to conduct systematic evidence reviews of topics of interest. Trying to apply the language of genomics to the existing framework of the Agency for Healthcare Research and Quality evidence centers was challenging, and some of the standard EPC methods were not ideal for this area. For example, the analytic validity of tests used in general medical practice is often assumed in EPC reviews without in-depth review but is a critical issue for genomics, in which technology is rapidly changing and interpretation of results is critical but not necessarily well standardized. EPC methods are time consuming, making it difficult for those applying them to keep up with the speed of genomic discovery and innovation; reviews and evidencebased recommendations can easily be out of date by the time they are published. The use of a single genomic test can evolve so quickly that research data are often very heterogeneous, requiring the expertise of different disciplines to help interpret the information. This type of specific genomics and clinical expertise was not always readily available at the more generalist EPCs.
Learning from the EPC experiences, the Centers for Disease Control and Prevention funded an EGAPP-specific EPC-like entity, named the Knowledge Synthesis Center. Requiring innovative methodology and organization to face the EGAPP initiative's unique challenges, the Knowledge Synthesis Center is intended to work directly with the EWG much like the single EPC that supports the majority of the US Preventive Services Task Force's work, allowing for efficient communication, clear expectations, and appropriately tailored expertise, all required elements when applying evidence-based methods to a rapidly 
EGAPP LEssOns LEARnEd: mEmBERsHiP, diREcTiOn, And scOPE
By the end of the third year of the EGAPP initiative, the content of the work suggested the need for additional experts from a broader range of disciplines. Given the technical nature of genomics testing and the degree to which it was being used in cancer risk assessment, screening, and treatment, new members from the disciplines of oncology and molecular pathology were recruited. A better understanding of the complexity of pharmacogenomics led to the addition of a national expert. It remains a constant challenge to identify key specialty areas where new or additional representation is needed on the EWG and to discern those instances for which a need for expertise can be best met through strategic collaborations rather than panel membership. The EWG has published eight evidence-based recommendation statements, two methods papers, and one outcomes paper since its inception, largely succeeding in the initial goal of developing and testing evidence-based medicine methods for use in genomic testing. In 2008, the EWG revisited its basic direction for continuing work, considering whether the primary role of the EWG should remain development and evaluation of evidence-based methods or whether it should shift toward continuous and ongoing recommendation development. EWG members concluded that assuming the role of an active recommendations panel, such as the US Preventive Services Task Force, would require a significant increase in resources, and it was unclear if stakeholders were interested in this level of commitment and investment; this issue remains unresolved. The EWG remains committed and enthusiastic about contributing toward moving the field forward, and at least in the near term, this may be best accomplished through a multifunctional approach.
THE EGAPP iniTiATiVE TOdAY
The integration of genomics into medicine continues to need an objective and independent process and resource, such as the EGAPP initiative, to evaluate evidence and provide stakeholders with evidence-based recommendations. However, economic conditions brought both critical federal budget concerns and a need for additional focus in public health programs. The funding for OPHG and the EGAPP programs was significantly reduced. The implementation of next-generation sequencing techniques will provide more affordable and available approaches to large-scale genome sequencing, presenting clinicians and patients with a vast amount of new information of unknown and unproven health value, with continued significant potential for health harms and increased costs. The need for an evidence-based "honest broker" for reviewing and synthesizing evidence and translating it into clinical recommendations remains as important as ever. Using an evidence-based, systematic approach to understanding how such information can and should be used is imperative.
The members of the EWG remain committed to advancing the agenda of evidence-based genomic testing and developing relationships with new partners to ensure that our work informs the work of those that follow. The EWG continues to develop systematic review-based recommendation statements concerning the clinical use of genomic tests. Specific projects could involve applying EGAPP methods in areas such as categorizing elements of the genome into bins that relate to clinical use 14 and addressing specific screening topics for which there could be significant family history and genetic influences, such as colorectal cancer screening. Initial collaborative work on the former has already begun between the EWG and the Knowledge Synthesis Center, and an initial article describing development and pilot testing of a method for reporting incidental findings from wholegenome sequencing tests has been published. 15 Regardless of how the EGAPP initiative evolves, the lessons learned from it should be embraced by those leaders envisioning, developing, and implementing the discipline of genomic medicine to ensure that we fully realize the promise and opportunity for better health inspired by the decoding of the human genome.
sUmmARY OF LEssOns LEARnEd FROm THE EGAPP iniTiATiVE
The points are given as follows:
1. Evidence on analytic validity is sparse, often found only in the gray literature or completely unavailable due to proprietary concerns, and not easily assessed with traditional evidence synthesis methods. 2. Evidence on clinical utility needs to focus on associations with clinically important intermediate or distal health outcomes. 3. Evidence on clinical validity of genomic tests is sparse and not of the quality usually found in support of other evidence-based clinical recommendations. 4. In responding to the rapidly evolving generation of new genomic testing scenarios and supporting evidence, it is challenging to employ the traditional evidence review and synthesis methods with less time and limited resources. 5. Modeling approaches can provide important quantitative estimates of benefits and harms that can inform recommendations for genomic testing. 6. Genetic risk profiling based on GWAS study results is unlikely, as currently developed and implemented, to translate into management decisions that improve individual health or provide significant additional information as compared with traditional risk assessment. 7. Benefits of avoiding less aggressive and less costly therapy based on genomic testing must adequately quantify the individual risks of harm associated with withholding that therapy.
8. In assessing genomic testing strategies, it is essential to clearly outline the relevant outcomes to consider, such as (i) diagnostic thinking/health information impact, (ii) therapeutic choice, (iii) patient outcome impact, and (iv) familial and societal impact. 9. Monitoring the evolving horizon of new genomic tests and supporting evidence is essential to guiding ongoing evaluation of genomic medicine approaches. 10. Stakeholder involvement in creating recommendations for genomic testing is important and difficult, and a clear description of roles, responsibilities, and expectations may better support success. 11. EPCs need specific expertise to support evidence review and synthesis as well as recommendation development for genomic testing. 12. Membership of panels that engage in evidence-based recommendation development must be representative of all the ethical, clinical, and other scientific disciplines related to the specific area of genomic testing.
